In the Stroop task, word reading is thought to be automatic since it runs without intentional monitoring and is difficult to avoid. This view has recently been challenged by observations that Stroop interference is reduced when only part of the Stroop word is colored. In this study we asked whether the extent of Stroop interference varies with the position of the colored letter(s). We observed that Stroop interference was smallest when the first letter(s)were colored and largest when either the last letter(s) or whole word were colored. On these findings we suggest that colored and noncolored parts of partially colored words are processed separately and differently, and that selection of the color dimension for explicit report entails inhibition of the to-be-ignored colored letters.
Through extensive practice, humans can become proficient readers. In fact, they become such skilled readers that they find it difficult to overcome semantic processing of single words where there is a clear incentive to do so. Such is the case in the Stroop task (Stroop, 1935 ; for a review see MacLeod, 1991) , where observers indicate the color in which visuallypresented letter strings are displayed. For example, observers usually take longer to report an ink color when it is incongruent with a color indicated by a word (e.g., the word green written in red ink) than when the two are congruent (e.g., the word red in red ink) or when a neutral stimulus is used (e.g., the letter string XXXX written in red ink). The Stroop effect is thought to reflect automatic reading because word recognition in the Stroop task runs without intentional monitoring (Bibi, Tzelgov, & Henik, 2000) .
The degree to which word reading in the Stroop task is automatic has been the subject of several studies. Kahneman and Henik (1981; see also Kahneman & Chajczyk, 1983) , for example, asked whether Stroop interference is attenuated when fewer attentional resources are available to process the written word. If so, then on the view that automatic processes do not require attention, word reading in the Stroop task could not be considered strongly automatic. In this study, observers named the ink color of a color printed word that appeared simultaneously with a word printed in black. There were two critical conditions. In one condition, the color printed word was a color name (blue) and the word printed in black was a noncolor word (most). In the other condition, the color printed word was a noncolor word (most) and the word printed in black was a color name (blue). Kahneman and Henik found large effects of the direction of attention on the extent of Stroop interference. Although Stroop effects were large when the color word was printed in color, they were absent when the noncolor word was printed in color. On these findings it was concluded that word reading in the Stroop task depends on the allocation of spatial attention and therefore cannot be considered strongly automatic.
Recently Besner and colleagues (Besner & Stolz, 1999a , 1999b Besner, Stolz, & Boutilier, 1997) have also challenged the idea that word reading in the Stroop task is strongly automatic. In a series of experiments, Besner et al. demonstrated that when only a single letter of a Stroop word is colored, Stroop interference is reduced and in some circumstances even eliminated. On this finding they also concluded that word reading in the Stroop task is not strongly automatic. In a subsequentstudy, we asked whether the elimination of the Stroop effect in the single letter colored Stroop task is sufficient evidence for concluding that word reading and semantic processing do not occur (Marí-Beffa, Estévez, & Danziger, 2000) . Combining Besner et al.'s (1997) manipulation with a negative priming procedure, we found intact negative priming from a singleletter color prime word in the absence of a Stroop effect (for a replication of negative priming in the single letter colored Stroop task, see Besner, 2001 ). This result indi-cates that the prime word was processed for meaning in the interval between the appearance of the prime and selection of the probe response.
In this study the effects of single-letter coloring on word reading in the Stroop task were explored further. Specifically, we asked whether the extent of Stroop interference changes as a function of the position of the colored letter. Several potential outcomes were envisioned. The first was that Stroop interference would not change as a function of the position of the colored letter. Depending on the size of Stroop interference, such a finding would indicate that coloring a single letter either partially or totally blocks word reading processes in a nonspatially sensitive manner. A second possible outcome, which was consistent with the idea that word reading processes are engaged in the single letter colored Stroop task, was that Stroop interference would change as a function of colored letter position. One scenario that could yield such a result would be that single-letter coloring led to separate and different processing for the colored and noncolored letter strings. On the view that phonemes from the beginning of a letter string more strongly activate the nonlexical route to word reading than phonemes from the end of the word (Coltheart & Rastle, 1994; Coltheart, Woollams, Kinoshita, & Perry, 1999) , one possible outcome is more Stroop interference when the first letter is colored and attention is directed to the beginning of the word than when it is directed to the end of the word. Alternatively, Stroop interference may be larger when the last letter of a word is colored, because in this case the intact letter segment from the beginning of the word (for example, blu in the word blue) is longer than when the first letter is colored (b in the word blue).
Several observations indicate that position effects are likely in the single letter colored version of the Stroop task. First, Singer, Lappin, and Moore (1975) found that naming latencies for word lists were longer when the items were color names incongruent with their ink color, and with their middle or final letters deleted or altered (e.g., orxxge, or, and oranxx), than when the items were color names incongruent with their ink color and with their initial or middle letters deleted or altered (e.g., xxange, an, and ge). More recently, Coltheart et al. (1999) observed faster color naming when the first phoneme was shared between a nonsemantically related word and a color word and the ink color was the same as that indicated by the first phoneme (e.g., ram and hip instead of red colored in red), than when the last phoneme was shared (e.g., bed instead of red colored in red). Finally, in a naming task, Bibi et al. (2000) reported that Stroop effects were smallest when the first letter of a color word was replaced, resulting in a noncolor word (e.g., bed instead of red ), and largest when the last letter was replaced (e.g., greed instead of green). Coltheart and colleagues (1999) interpreted this pattern of interference effects as evidence for a grapheme-to-phoneme correspondence route to reading and implemented them in their dual-route cascade model. If in the single letter colored Stroop task word reading processes via the nonlexical route are activated, and the letter position to which attention is directed is not important, then we may expect more Stroop interference in the end letter colored condition because here the initial letter segment would be longer than in the beginning letter colored condition.
EXPERIMENT 1

Method
Participan ts. A total of 22 observers from the University of Almería participated for partial fulfillment of a course requirement. All of the participants were right handed, reported normal or correctedto-normal visual acuity, and were not aware of the experiment's purpose.
Stimuli and Materials . The word stimuli consisted of the four Spanish color words rojo, azul, verde, and blanco (red, blue, green, and white). Letter strings consisting of Xs that matched the length of the color words were used as neutrals (e.g., XXXX for rojo and azul ). The letter strings and words were colored in red (ASCII Code 4), blue (ASCII Code 9), green (ASCII Code 2), and white (ASCII Code 15) and appeared on a black background. In the whole word colored condition, every letter appeared in the same color. In the single letter colored condition, one letter was colored and the remaining letters appeared in gray (ASCII Code 8). The stimuli always appeared in a color different from that indicated by the meaning of the word or by the length of the string of Xs (e.g., the string XXXX would never be written in those colors containing four letters in Spanish). Thus, the word stimuli were always incongruent. During the experiment each ink color appeared an equal number of times. At a viewing distance of 60 cm, each character was 0.48º of visual angle high and 0.38º of visual angle wide. The average length of the strings was 2.86º of visual angle, varying from 2.29º to 3.81º.
Stimuli appeared centered at fixation on a color monitor controlled by a Pentium-compatible PC with a VGA card. Stimulus presentation and response acquisition were computer controlled.
Design and Procedure. Each trial began with the appearance of a fixation cross, which after 350 msec was replaced by a letter string in the same location. Participants were instructed to report the color of each letter string as quickly and as accurately as possible while ignoring the letter string. Following each response, a 150-msec interval was included to provide auditory feedback for errors. Participants responded to the four target colors by pressing one of four keys on the keyboard (., ,, X, and Z) with the corresponding index and middle finger of each hand. The pairings of color and response key were counterbalanced across participants.
Each participant performed two blocks of 192 test trials in a different random order. In each block there were 96 trials in which only one letter was colored and 96 trials in which all the letters were colored. Of the 96 trials in which all letters were colored, 48 were word trials and 48 were Xs trials. The comparison of these conditions yielded the standard whole word Stroop effect. Of the 96 singleletter colored trials, the colored letter occupied the first position of the letter string on 12 of the word trials and 12 of the Xs trials (begin condition), any of the intermediate positions on 24 of the word trials and 24 of the Xs trials (middle condition), and the last position on 12 of the word trials and 12 of the Xs trials (end condition). Although our predictions were concerned with the beginning and end letters colored conditions, the middle position colored condition was included to avoid polarization of the color search to the extreme positions.
Thirty-two practice trials that mirrored the composition of the test trials preceded the test trials. Instructions that emphasized response speed and accuracy preceded each block of trials.
Results
The reaction time (RT) analysis included only correct response trials. Trials with RTs shorter than 100 msec or longer than 2,500 msec were also excluded from the analysis (0.3% of the trials). Means of the median RTs and the error rates for each condition are shown in Table 1 (Experiment 1).
Means of the median RTs were submitted to an analysis of variance (ANOVA) with string type (incongruentword or Xs) and print type (whole word or beginning, middle, or end letter) as within-subjects variables. Error rates were low (1.1%) and therefore are not reported. (F , 1) and between the whole word and end letter colored conditions (F , 1).
Discussion
In this experiment, Stroop interference was smallest when either the first or middle letter was colored and largest when either the whole word or last letter in the word was colored. This pattern supports the idea that single-letter coloring in the Stroop task attenuates Stroop interference in a position-sensitivemanner. We suggest that Stroop interference was larger when the end of the word was colored than when the beginning of the word was colored because when the end of the word was colored the initial letter segment, which most strongly activates responses (Singer et al., 1975) , was longer (blu in the word blue) than when the beginning of the word was colored (b in the word blue).
Although the data from Experiment 1 demonstrate that letter segments of partially colored words produce Stroop interference and that the length of the intact initial segment affects the size of this interference, they cannot tell us in what way attentional selection affected Stroop interference. This is because the length of the selected color segments (one letter) was always shorter than the length of the noncolored letters. Selection could have affected processing in several ways. First, ink color selection may entail inhibition of the colored letter. For example, when b in the word blue is colored, the to-be-ignored letter b may be inhibited. Such a finding would be consistent with selection accounts that emphasize inhibition of task-irrelevant information (Houghton & Tipper, 1994 , 1996 . The result would be novel in that selection of the task-relevant dimension (color) and inhibition of the task-irrelevant dimension (word) occur within the same object. Second, ink color selection could facilitate processing of the to-beignored colored letter. This account is consistent with a spotlight metaphor of attention, where all features that fall within the focus of attention are facilitated (Posner, 1980) . Finally, ink color selection may neither facilitate nor inhibit processing of the colored letter. Evidence in favor of this possibility would indicate that in our task the sole purpose of selection is to permit an overt ink color response. Experiment 2 explored these possibilities.
To explore how selection affects processing of the taskirrelevant word segments, we colored either the first half or the last half of the letters in the letter strings. 1 This manipulation ensured that the selected and nonselected letter strings were the same length. For example, whether the first two letters or the last two letters of the word blue were colored, the resulting letter segments were bl and ue. If ink color selection entails inhibition of the to-be-ignored let- ters, then Stroop interference should be smaller when the first half of the word string is colored than when the last half of the word string is colored. This follows because inhibition of word segments that more strongly activate responses (e.g., those at the beginning of a word) should result in less response activation than inhibition of letter segments that less strongly activate responses (e.g., those at the end of a word). For example coloring bl in the word blue would lead to inhibition of the letters bl and leave the letters ue unchanged, whereas coloring ue would lead to inhibition of the letters ue and leave the letters bl unchanged. If on the other hand color selection facilitates features of the irrelevant dimension that fall within the attentional spotlight (Posner, 1980) , Stroop interference should be larger when the first half of the letter string is colored than when the last half is colored. This follows because facilitation of letters that more strongly activate responses (e.g., letters at the beginning of a word) should produce more response activation than facilitation of letter segments that less strongly activate responses (e.g., segments at the end of a word). Finally, if color selection entails neither facilitation nor inhibitionof the colored letter segments, then interference effects should be equivalent whether the first half or the last half of the word is colored. 2
EXPERIMENT 2 Method
Participants. A total of 20 students from the University of Almería participated for partial fulfillment of a course requirement. All of the participants were right handed, reported normal or corrected-tonormal visual acuity, and were not aware of the experiment's purpose.
Stimuli and Materials. The stimuli were identical to those used in Experiment 1 save for the coloring of the partially colored letter strings. Here half of the letters either at the beginning or at the end of the letter string were colored. For five letter strings, the first three or the last three characters were colored.
Design and Procedure. The experimental design was similar to that of Experiment 1. There were two blocks of 192 experimental trials. Each block consisted of 48 incongruent-word trials with all letters colored, 48 Xs trials with all Xs colored, 48 incongruent-word trials with some letters colored, and 48 Xs trials with some Xs colored. For the partially colored conditions, the trials were separated into two further sets of 24 trials, where either the first or the second half of the string was colored. The temporal parameters and mechanisms to collect the responses were identical to those used in Experiment 1.
Results
The RT analysis included only trials with correct responses. Trials with RTs faster than 100 msec or slower than 2,500 msec were also excluded from the analysis (0.5% of the trials). Means of the median RTs and error rates for the different conditions are shown in Table 1 (Experiment 2).
Means of the median RTs were submitted to an ANOVA with string type (incongruent word and Xs) and print type (whole word, beginning, and end) as within-subjects variables. Error rates were low (2.7%) and mirrored the RT data. There was a main effect of string type [F(1,19) 5 32.6, MS e 5 631.6, p , .001], with RTs 25 msec longer in the incongruent-word condition than in the Xs condition. This effect reflects the averaged Stroop effect produced in the incongruent-word conditions. A main effect of print type was also observed [F(2,38) 
Discussion
In this experiment we sought converging evidence for our finding from Experiment 1 that one consequence of coloring a subset of letters in a Stroop task is separate and different processing for the colored and noncolored letter segments. The data support this pattern. When the first half of the word was colored, interference effects were smaller than when the second half of the word was colored. This observation also addresses our question concerning the role of selection in this variant of the Stroop task. Specifically, we suggest that the fact that interference effects were large when the end of the word was colored and absent when the beginning of the word was colored indicates that color selection entails suppression of the to-beignored colored word segment. This finding is consistent with inhibitory models of selection (Houghton & Tipper, 1994 , 1996 and provides novel evidence that selection of a task-relevant dimension can entail inhibition of other dimensions within the same object.
One other important aspect of the data in Experiments 1 and 2 is that whereas RTs for words in the beginning letter colored condition were shorter than in the end letter colored condition, the reverse pattern was true for the Xs condition. This interaction indicates that the status of the letter string (word or Xs) affected participants' ink color responses, despite the fact that letter strings were to be ignored. Although this finding is important because it provides further evidence for word-specific processing in the single letter colored word condition, the fact that the Xs were processed differently than the words raises the question of whether the string of Xs was an appropriate neutral stimulus. 3 Furthermore, the fact that RTs in the Xs conditionwere shorter in the end X colored conditionthan in the beginning X colored condition contributed to the finding of larger Stroop interference effects in the end letter colored conditions than in the beginning letter colored condition. This is because the interference effect is calcu-lated by subtracting RTs in the the Xs condition from the RTs in the incongruent-word conditions. Because of the concern that the Xs condition was processed differently than the word condition an additional experiment was conducted with the same incongruent-word conditions as in Experiment 2, but with two new neutral conditions.The main question was whether Stroop interference with the new neutral conditions would be similar to that found in the previous two experiments.
EXPERIMENT 3 Method
Participants. A total of 20 students from the University of Almería participated in partial fulfillment of a course requirement. All of the participants were right handed, reported normal or corrected-tonormal visual acuity, and were not aware of the experiment's purpose.
Stimuli and Materials. The incongruent stimuli were identical to those used in Experiment 2. The Xs condition was modified so that for each incongruent word there was a different string of consonants. This resulted in four new letter strings: XXXXX to match the word verde; YYYY to match the word rojo; MMMM to match the word azul; and WWWWWW to match the word blanco. In addition to the incongruent-word condition and the string of consonants condition, a condition was included that consisted of words representing body parts. These words matched the color words for length: oreja (ear), uñas (nails), caras (face), and pierna (leg).
Design and Procedure. The design was identical to that of Experiment 2 save for an additional 96 trials per block (for a total of 288 trials per block) that consisted of 48 fully colored body part word trials and 48 partially colored body part word trials. The temporal parameters and mechanisms to collect the responses were identical to those used in the previous experiments.
Results
The RT analysis included only trials with correct responses. Trials with RTs faster than 100 msec or slower than 2,500 msec were also excluded from the analysis (0.5% of the trials). Means of the median RTs and error rates for the different conditionsare shown in Table 1 (Experiment 3) .
Means of the median RTs were submitted to an ANOVA with string type (incongruent word, consonant string, and body part words) and print type (whole word, beginning, and end) as within-subjectsvariables. Error rates were low (1.06%) and mirrored the RT data. There was a main effect of string type [F(2,38) 5 4.9, MS e 5 1,082.7,p , .05], with RTs longest in the incongruent-word condition (670 msec), intermediate in the body parts condition (656 msec), and shortest in the consonant string condition (652 msec). This effect reflects the averaged Stroop effect produced in the incongruent-word conditions relative to the remaining conditions. There was also a main effect of print type [F(2,38) 
Discussion
The aim of this experiment was to examine whether the larger interference effects observed in Experiments 1 and 2, when the ends of words were colored rather than when the beginningsof words were colored, resulted primarily from the comparison of the incongruent condition with a neutral condition that appeared to be processed differently than the incongruent condition. The data indicate that they were not. As in the previous experiments, Stroop interference effects, now calculated relative to both the body part words and the string of consonants conditions,were larger in the end letter colored condition than in the beginning letter colored condition. Furthermore, in the present experiment there was no evidence that in the two neutral conditions there was an orienting bias toward the end of the word, as was observed with the Xs condition in the previous experiments. On these findings we suggest that in the partially colored Stroop task, processing for the colored and noncolored letter segments is separate and different. Furthermore, we suggest that the fact that interference effects were large when the end of the word was colored and absent when the beginning of the word was colored indicates that color selection entails suppression of the to-beignored colored word segment.
GENERAL DISCUSSION
In a series of experiments we explored the effects of single-letter coloring on word reading in the Stroop task. In each of the experiments we observed larger interference effects when the ends of words were colored than when the beginnings of words were colored. On these findings we suggest that colored and noncolored segments of partially colored words are processed separately and differently, and that selection of the task-relevant color dimension for explicit report entails inhibition of the task-irrelevant colored letters. Irrespective of the interpretation of the selection processes involved, our data contribute to elucidating the nature of the interaction between word segmentation and word reading in the single-letter Stroop task (Besner & Stolz, 1999b; Besner et al., 1997; Marí-Beffa et al., 2000) . Specifically, the data indicate that the reduction of Stroop interference in the single letter colored condition results primarily from trials in which the first letter of the word is colored. More importantly, our finding that the magnitude of the Stroop effect varies as a function of the position of the colored letters indicates that at least some aspect of the word activation process that is integral to word reading appears to proceed normally in the face of partial word-coloring manipulations.
